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ABSTRACT
The objectives of this investigation are to examine the mechanism
of the stress corrosion cracking of Al alloys (phase I) and to study the
feasibility of using instrumental methods to detect stress corrosion
cracking on fabricated Al -alloy parts (phase 11).
In phase 1, emphasis has been placed on experiments to explore
the effect of environment on the mode and rate of cracking of 7075 and
on the reasons for the precorrosion Susceptibility of the stress corrosion
of this alloy. As before, studies have been made in IM NaCl buffered to
pH 4. 7.and held at 30'C.
In order to investigate the reason for the precorrosion susceptibility
of 7075 and the processes occurring during the various stages of failure,
we have carried out multiple interrupted load tests and interrupted tests
with removal from solution and drying of the sample. The first experi-
ment seeks to answer the question as to how much of the period which we
have called the "period of true stress corrosion" actually requires presence
of stress. The second experiment seeks to decide whether during the
precorrosion period a hostile solution environment, which facilitates sub-
sequent crack growth, is built up in corrosion crevices.
The multiple interrupted load tests show that during all of the
"period of true corrosion" stress is necessary for crack propagation.
Extended periods of corrosion after crack initiation cause blunting of the
crack and lengthen the period of true stress corrosion. The interrupted
tests with removal of the specimen from solution show much scatter but
indicate a very extensive lengthening of total failure time in some cases,
much longer than normal failure times. This argues that no simple
theory* involving the production of a hostile environment in corrosion
crevices can account for the precorrosion phenomenon.
In our investigations of the effect of environment on the precorrosion
and true stress corrosion times of 7075-T651, we have varied the applied
current density and have carried out some tests without any applied current
i
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density, depolarizing the corrosion with oxygen. In these experiments,
we have confirmed the presence of the precorrosion phenomenon in these
environmental conditions. This indicates that the precorrosion effect is
a property of the material 7075-T651 and is not an artifact of the specific
method of testing. In tests carried out at various current densities and in
oxygenated solutions, no final conclusion can yet be drawn as to whether
the period of precorrosion sensitization is a constant fraction of the
failure time or represents a definite amount of material attack.
The precorrosion susceptibility index (PSI) has been compared
with the standard stress corrosion index (SCI) of the American Society for
Metals. The PSI is shown to be better able to distinguish true stress
corrosion damage from pure corrosion damage. Also, the PSI is shown
to give a better insight into the mechanism of the failure process,
allowing a clear separation of the crack initiation and growth stages,
Strained foils of aged A1-7. 5 Zn - 2.4 Mg have been Examined
in the electron microscope. Planar dislocation arrays are observed.
These arrays intersect grain boundaries but do not cross them. Their
stress concentration effect at the boundaries must therefore be large,
particularly as no slip across the boundaries is observed. Corrosion of
these strained specimens indicates that these arrays are regions of
localized attack.
The second phase of the program is to study the feasibility of
detecting stress corrosion damage in fabricated Al alloy parts. This project
aims to determine the range of detectability of stress corrosion damage and 	 r
to specify components and procedures for an on-field instrument. The
experimental technique involves attenuation of surface ultrasonic Rayleigh
waves.
The detectability of SCC under a variety of environmental conditions
has been further explored. For SCC caused at 307 of the 0. 27 offset yield
strength, detectic►n is more difficult than at 607 and 907 of the yield strength.
In the unstressed measuring state, it is difficult to distinguish such SCC
from effects of general galvanic corrosion.
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jThe effects of SCC produced at 907, of the yield strength with
different current densities can be correlated on the basis of the
amount of charge passed. This indicates that the specific stress corro-
sion rate does not affect the detectability of damage,
Stress corrosion caused under more acid environments is more
readily detectable with ultrasonic surface waves.
Detectability of stress corrosion is adversely affected by liquid
trapped within the cracks. Careful surface cleaning is required to eliminate
this effect and to maximize the wave, attenuation caused by cracks.
Instrumental design parameters have been explored both cxpc ri-
mentally and theoretically. The probability of detecting a crack when only
a fraction of the surface is examined has been considered for various con-
ditions. Problems associated with the ratio of the length of the crack to
the ultrasonic beam width and the angle between crack and beam have been
examined and optimal surface examination techniques proposed. Experi-
mentally, it has been found that transducers may be coupled to the surface
with good reproducibility (+ db). This is important in practical
configurations.
iii
CONTENTS
Page No,
ABSTRACT
	
I
LIST OF ILLUSTRATIONS	 vi
SECTION A
INTRODUCTION
SECTION B
MECHANISM OF STRESS CORROSION CRACKING OF Al ALLOYS 2
	
I.	 INTRODUCTION	 2
	
11.	 COMPARISON OF r11-IE PRECORROSION SUSCEPTIBILITY	 3
INDEX (PSI) AND THE STRESS CORROSION INDEX (SCI)
	
Ill.	 LOAD INTERRUPTION EXPERIMENTS 	 5
	
IV,	 PRECORROSION AND DRYING EXPERIMENTS	 9
	
V.	 PRECORROSION TESTS IN OXYGENATED SOLUTIONS	 11
	
V1,	 GA LVANOSTATIC TESTS AT 0.2 ma/ cm 2	13
	
VII.	 ELECTRON MICROSCOPY	 13
	
Vill,	 REFERENCES	 15
SECTION C
NONDESTRUCTIVE TESTING TECHNIQUES FOR THE
	
19
DETECTION OF SURFACE FLAWS
I. INTRODUCTION	 19
II. DETECTION OF SCC DAMAGE PRODUCED UNDER ViiRIOUS 19
ENVIRONMENTAL CONDITIONS
A. SCC Tests at 3W  of the Yield Strength 	 19
B. SCC Tests at a Current Density of 1. 5 ma/ cm 	 22
C. SCC Tests at pH = 2. 1
	
	 22
iv
f-r, Y,
—CONTENTS (cont.)
Page No.
D.	 Effective Crack Depth
	
25
Ill.	 INSTRUMENTAL DESIGN FOR SCC DETECTION 	 30
I	 A.	 SCC Detection Considerations	 30
1. Measurement Methods	 30
2. Number of Transducer Attachments 	 32
3. Angular Dependence of Reflection	 34
4. Probability of Crack Detection	 35
B.	 Ultrasonic Transmission and Transducer Bonding 	 37
IV	 SUMMARY	 41
SECTION D
WORK IN NEXT QUARTER	 43
V
J
LIST OF ILLUSTRATIONS
I
F ig.
 Nw,^	 Pa&c Nd_
1	 interrupted load tests on 7075-'651. 	 6
2	 Photomicrographs of interrupted load test specimen,	 8(a) 200 X (b) 300 X,
3	 Precorrosion tests on 7075 -7651 in oxygenated solution. 	 12
4	 Precorrosion tests on 7075 -T651 using a galvanostatic	 1:4
current density of 0, 2 ma/ 0,
5	 E lectron microgra phs of aged A 1-7.5 Zn -2, 4 Mg fai l	 16
before corrosion.
6 E lectron micrographs of aged A 1-7. 5 Zn -2. 4 Mg foil 17
after corrosion,
7 Ultrasonic attenua tion due to SCC arld GGC for 7075 as 21
a function of charge at 0. 53 ma/ cmZ , and 30% of the
yield strength.
8 Ultrasonic attenuation due to SCC and GGC for 7075 as 23
a function of gharge.
	 Straight lines correspond toj -
0. 55 ma/ cm	 and data points to j = 1, 5 ma/ cm 2.
9 Ultrasonic attenuation due to SCC foE 7075 as a function 2 24
of exposure time at j = 0. 55 ma/ cm
	
and j = 1. 5 ma/ cm
10 Ultrasonic attenuation due to SCC and TC for 7075 as 26
a function of charge at j = 0. 53 ma/ cm	 for a pH of
2. 1 and a PH 4. 7.
11 Oscillograms illustrating the effect of cleaning using 29
ultrasonic agitation tor 7075 at 30J of the yield strength
and j = 0. 53 ma/ cm2 after 1.0 coulombs/ cm	 charge.
oscillogramNb referenceafter initial removal from corrosive bath and plan
cleaning(c)	 after ultrasonic cleaning
d	 after re-immersion removal, and plain cleaning
e^ after second ultrasonic cleaning
f)	 unstressed state
12 Ultrasonic reflection coefficient as a function of angle from 31
normal incidence to the direction of SCC for four different
U-bends.
	 The data for each U-bend has been normalized
to unity for zero degrees.
t
vi
^y	 lie
LIST OF ILLUSTRATIONS  (Cont.)
Pare No.
Rectangular Mato D1 by D2
 units to be used for model	 33for SCC detection
Arrangement of three transducers to determine the
anisotropy of the reflection coefficient for the identification.
of SCC.
Model of a rectangular plate to determine the optimum
angle to search for cracks. The crack is L units Iong
and the transducer of width W is moved a distance of K
along an edge for successive measurements,
Fig. No.
13a
13b
14
33
36
j
vii
s
SECTION A
INTRODUCTION
'The purposes of this investigation are to examine the mechanism
of stress corrosion cracking in Al alloys (phase I) and to study the feasibility
of using instrumental methods to detect stress corrosion cracking on
fabricated Al alloy parts (phase II).
In phase I, the mechanism study, the work is being; implemented by
studies of the following four subprojects to determine (1) the effects of
environment on the mode and rate of cracking of Al-Zn-Mg-(Cu) and
Al-Cu, (2) the mechanism of the precorrosion susceptibility of 7075,
and (3) the brittleness of oxides on Al alloys and current transients
during cracking. In addition, we will use metallography and electron
microscopy in connection with (1), (2), and (3) and also to investigate
further the mode of corrosive attack on the alloys as a function of heat
treatment, subproject (4). During this quarter we have concentrated
on subprojects (1), (2), and (4). This work is described in section B of
this report.
The second phase of our program aims to provide instrumental
design parameters for the on-sight inspection of fabricated Al parts.
The method used to detect stress corrosion involves the propagation of
surface ultrasonic waves (Rayleigh waves ) on the materials. This phase
of our program is being implemented !, by means of subprojects which would
(5) detect stress corrosion damage caused under a variety of environmental
conditions, (6) detect preco: rrosion damage on 7075, and (7) produce
specifically a set of instrumental design parameters, e. g. specification of
measurement, frequency, transducer coupling, configuration optimization,
etc. During this quarter emphasis has been placed on subprojects (5) and
(7). Results are presented in section C.
The work projected for the next quarter is described in section D.
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SECTION H
MECHANISM OF STRESS CORROSION CRACKING OF Al ALLOYS
I. INTRODUCTION
In this quarter we have further investigated the effects of environ-
ment on the mode and rate of cracking of AI-Zn-Mg (subproject 1). Also,
experiments to investigate the mechanism of the precorrosion sensitivity
of 7075 (subproject 2) have been carried out. Appropriate electron
microscopy is also reported.
In our investigations of the effect of environment on the precorro-
sion and true stress corrosion times of 7075-T651, we have varied the
applied current density and have carried out some tests without any applied
current density, depolarizing the corrosion with oxygen. In these experi-
ments we have confirmed the precorrosion phenomenon in these environmental
conditions.
In order to investigate the reason for the precorrosion susceptibility of
7075, we have carried out multiple interrupted load tests (subproject 2a), and
interrupted load tests with removal from solution and drying of the sample.
The first experiment seeks to answer the question as to how much of the
period which we previously called "the period of true stress corrosion"
actually requires presence of stress. The second experiment seeks to
decide whether during the precorrosion period a hostile solution environment,
which facilitates subsequent crack growth, is built up in corrosion crevices.
In connection with the role of the precorrosion susceptibility pheno-
menon of 7075, we have compared our previously defined precorrosion sus-
ceptibility index with the index recommended by the Society for Metals.
Consequences of our studies for the experimental distinguishing of a true
stress corrosion cracking phenomenon are presented.
Further studies of thin foils of high purity AI-Zn-Mg have been made
in the electron and optical microscopes. In particular, the interaction
between the dislocation substructure and the corrosion processes has been
investigated.
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.II. COMPARISON OF THE PRECORROSION SUSCEPTIB'I'LITY INDEX (PSI)
AND THE STRESS CORROSION INDEX (SCI)
The usual definition of stress corrosion requires that for this
phenomenon to occur, stress and corrosion acting together must lead to
greater damage than if they act separately (l) . The extent of damage is
usually measured as a decrease in mechanical strength. The Committee
on Stress Corrosion of the American Society for Metals (2)
 has suggested
taking the ratio of the differences in breaking loads of uncor. roded,
corroded but not stressed, and corroded while stressed specimens as
a means of determining whether or not stress corrosion does occur in a
given alloy system. This method thus gives a measure of the extent to
which mechanical properties are impaired by pure corrosion relative to
that produced by corrosion under stress. Similar techniques have also
been suggested by Jones (3) , As discussed by Sprowls (4) a stress corrosion
index (SCI) may be defined as
SCI = TS 
TS-Q
where
v = engineering stress applied to stressed and exposed
specimen resulting in its failure.
TSu = engineering tensile strength of unstressed specimen
exposed for the time-to-failure of the stressed specimen.
TS = engineering tensile strength of unexposed specimen.
Although the stress corrosion index supplies useful engineering
information, it fails to provide insight into the mechanism of failure under
the combined action of stress, corrosion, and stress corrosion. As will
be shown, especially for 7075-T651, the precorrosion susceptibility index
(PSI) provides a better means of obtaining mechanistic information and
does inrieed demonstrate the existence of effects which are not revealed
at all by the stress corrosion susceptibility index.
4
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As has been discussed in previous reports, the precorrosion
susceptibility index (PSI) is defined as
PSI T _ d (Time to Failure after Precorrosion) 	 (2)
d (Time of Precorrosion)
Hence, this index relies on the measurement of changes in time-to-failure
rather than in changes in the breaking stress.
To compare these two indices, specimens of both 2219-T37 and
7075-T651 were precorroded for a period equal to one times the normal
time to failure. These specimens were then removed from solution and
dried by vacuum desiccation for one-half hour. After drying, the
specimens were pulled to fracture in our Instron tensile machine and the
engineering fracture stress determined. Similarly, the engineering
fracture stress of uncorroded specimens of each of these alloys was also
determined. The results of these tests are shown in Table I. The stress
applied to the specimens was 907 of the 0. 2T offset yield strength, L e,
psi. This value for a combined with the values of TSn and TS in Table I
can be put into equation (1) to find SCI values. These values are found to
be 0. 97 and 0. 94 for 7075-T651 and 2249-'T37, respectively. Hence,, the
SCI procedure does not show any difference between the 2219-T37 and the
7075-T651. In particular, these high SCI values indicate that the dry
mechanical properties of the two alloys have not been significantly affected.
From Fig. C. 30 in the Fifth Quarterly Report, however, using the
definition given in eq. 2, it is seen that the inital PSI values for 7075-T651 and
2219-T37 are unity and almost zero, respectively,
One may conclude from these experiments that the precorrosion effect
does not arise simply from the mechanical weakening effect (hence increased
true stress) of extensive pitting. This can be concluded to be the case
because any such large increase in true stress (or in stress concentration)
would be reflected in a concomitant decrease in TSn and hence in SCI. In
fact, it is evident from the very close agreement between the SCI values
for 2219-T37 and for 7075-T651 that the effect of the precorrosion on the
- 4 -
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Alloy.
7075-T651
2219-T37
TS
86,500 psi
49, 300 psi
TSu
86, 100 psi
48, 500 psi
mechanical properties is very nearly the same. The PSI values show,
however, that the effect of corrosion without stress on the subsequent
behavior with stress is very much different for the two different alloys.
In the case of 7075-T651, as much as 80 -907 of the time to failure of
as-machined specimens in a normal stress corrosion test is taken up by
a process in which stress plays no part. In 2219-T37 however, stress is
required throughout all of the failure processes or damage does not occur
at a rapid rate. Furthermore, since the subsequent dry mechanical
properties are not greatly affected by precorrosion in either case, one
can firmly conclude that the precorrosion effect is intimately connected
with reactions occurring at or very near the surface of the specimen.
TABLE I
Tensile Strengths, TSu, of Unstressed Specimens Exposed for the
Time-to-Failure of Stressed Specimens, and Tensile Strengths
of Unexposed Specimens, TS, for 7075-T651 and 2219-T37 (Refer to eq. (1))
III. LOAD INTERRUPTION EXPERIMENTS
As called for by task 2(a) of phase I, a new type of test has been
carried out. These experiments were designed to provide further insight
into the processes occurring during the period of true stress corrosion.
The sequence of loading during galvanostatic corrosion for these tests is
shown in the lower right hand corner of Fig. 1. Note that the galvanostatic
current is kept constant throughout the tests. First, the specimen is
-5-
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rprecorroded without stress for,ir, period OA which is long enough to brink; the
specimen into the region of true stress corrosion. The load is then
applied for a period AB during which, according to our previous conclusions,
true stress corrosion occurs. However, this load is not maintained for a
time long enough to cause failure. The load is then removed for a time BC.
The corrosion current is still maintained constant. The load is finally
reapplied and the time until fracture, CD, is measured,
By plotting this latter fracture time, CD, against the second load
interruption, BC, one can obtain information on the type: of corrosion which
is occurring during the interval BC. The results of rests of this tyl.ie  on
7075-T651 short transverse specimens are shown in Fag, 1, For hese
tests, the period AB was made equal to one-half of the normal period
of true stress corrosion. The period BC was then varied and the resulting
time CD plotted. Figure I shows that initially corrosion between inter-
mittent loading has no effect on the total time of failure under load
(= AB + CD, I. e, 3.9 + 3 = 6.9 min, about as normally found without
load interruption). This indicates that once cracks have initiated the
presence of the stress is essential to keep them propagating. The whole
loaded period is then a true stress corrosion period, as previously assumed.
Eventually, as the period BC is extended, the total failure time
under load increases (Fig. 1). This result indicates that the effect of
much corrosion without stress during the period BC is to blunt the cracks
which were beginning to form during the true stress corrosion period AB.
Photomicrographs taken of specimens subjected to this interrupted
loading treatment also give information that flaw sharpening under stress
does occur (Fig. 2). In these photographs the initial blunt corrosion fissures
caused by the precorrosion treatment can be seen, together with 'an apparent
sharpening of the roots of these flaws by the action of the applied stress.
The localization of this sharpening effect at the grain boundary is clearly
seen in the higher magnification photograph, Fig., 2(b).
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Fig. 2 Photomicrographs of interrupted load test specimen,(a) 200X; (b) 800X.
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IV. PRECORROSION AND DRYING EXPERIMENTS
To achieve the objective of determining tile basis and causes of the
precorrosion effect as called for in task (b) of subproject 2, the, effects of
drying after precorrosionhave been studied. The objective is to examine
the possibility that the cause of the precorrosion phenomenon Is the pro-
duction of a hostile environment in corrosion crevices, This hostile
environment would, of course, be eliminated if the specimen were washed
and dried after precorrosion but before the normal stress corrosion test,
Specimens have been precorroded for varying lengths of time,
removed from solution, vacuum dried, replaced in solution, and the time-
to-failu-1.7e in a normal stress corrosion test determined. The results of
these tests are shown in Table IL It is clear that there is considerably
more scatter In these results than has usuaUy been the case. Nevertheless,
there is a fairly discernible trend. First, it is evident that after drying,
the effect of the precorrosion treatment is, to a large extent, altered,
Indeed, It appears that for certain combinations of precorrosion and drying
time, the subsequent time-to-failure may be significantly increased. This
is especially well demonstrated by the combination of precorrosion for
200 minutes, followed by desiccation for 12 hours, after which the specimen
did not fail in 1,375 minutes.
These experiments are not at present fully understood. The
following theory seems possible, however. We assume that there are some
areas that are more prone to attack than others, and that these areas are
attached first during the initial precorrosion. However, there is evidence
from the literature(5) that once cracking has been halted, in a particular
location, it is not likely to reinitiate at this same position immediately.
The reasons for this behavior are not entirely clear. However, one
possible cause would be the formation of particularly heavy corrosion product
layers at points of maximum attack. Once the corrosive environment is
removed by desiccation, repenetradon of the environment into these initial
sites of attack could be slow. Corrosive attack would then be forced to
proceed as secondary sites which are attacked only slowly. If these
observations are verified by further study, this technique could provide a
noval means of increasing resistance to stress corrosion.
0
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Results of Precorrosion and Drying Tests Carried Out Using a
Galvanostatic Current Density of 0, 3 ma/cm2
Precorrosion
Time (min)
62
62
62
124
:124
130
248
200
Vacuum Drying Subsequent Normal
Time (min) Time to Failure (min)
30 21.5
30 30
30 23.5
105 92.25
90 17.75
30 118
30 9
720 1375	 (no failure)
F
4
f
-10-
r,a q
V PRECORROSION TESTS IN OXYGENATED SOLUTIONS
As part of task (a) of subproject 1, a series of tests have been
carried out in oxygenated solutions, The aim has been to establish whether
the precorrosion effect is a special feature of our rather unusual testing
procedure carried out galvanostatically, We should say that the logic of
electrochemical theory argues very strongly against any such special
consideration. However, in discussion with other workers, the possible
`	 specificity of our testing conditions has been repeatedly suggested as the
reason for our precorrosion phenomenon. Correspondingly, teas have
been carried out in absence of applied current, depolarizing the corrosion
by saturating the solution with 02. Under these conditions the normal
time-to-failure was found to be 14. 4 minutes,
A complete series of precorrosion tests were carried out; the
results are shown in Fig. 3, As can be seen from this figure, the initial
behavior under these conditions is very near to that which was observed
previously using a galvanostatic current of 0.3 ma/cm 2, Initially, the
PSI index is almost unity, but becomes zero after precorrosion equal to
one times the normal time -to-failure, The period of true stress corrosion
occurs, as has been found to be the case for galvanostatic resting, to be
equal to only 10 to 20 percent of the time-to-failure as determined in a
normal stress corrosion test (load and corrosion applied simultaneously).
These oxygen tests confirm the validity of the galvanostatic testing
procedure by demonstrating that the precorrosion effect is not dependent
upon method of corrosion (e, g. whether from oxygen reduction or from an
external battery), The precorrosion phenomenon is not then a special
phenomenon associated with our specific testing conditions but is a property
of the material, 7073-T651.
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VI. GALVANOSTATIC ThSTS AT 0. 2 ma/cm2
In order to carry out the load interruption tests described previously,
it is desirable that the period of true stress corrosion be sufficiently long
that the time required to apply and remove the load be relatively small
compared with the time of true stress corrosion. In the case of die tests
carried out at 0. 3 ma/cm 2 , the Normal time to failure was approximately
31 minutes, while the true stress corrosion period was only about 3 to 4
minutes. To increase'this true stress corrosion period, therefore, a
new series of precorrosion tests have been carried out at 0.2 ma/cmZ,
In addition, these experiments are of interest for investigating the
effect of environment on the cracking of 7075, as under task 1(a).
At this current density the normal time to failure was found to be
68. 6 minutes. This value represents the average of three tests. As in
the case of the tests made at 0. 3 ma/cm 2 , the period of true stress
corrosion is found to be about 11 to 1270
 of the normal time-to-failure.
For these conditions, therefore, this gives the time of the true stress
corrosion periods to be approximately 7. 8 minutes. This greater time of
true stress corrosion allowed the multiple interrupted load tests, described
earlier, to be carried out more easily.
The plot of time-to-failure versus precorrosion time for the tests
carried out at 0. 2 ma /cm 2 is shown in Fig. 4. As was the case for the
oxygenated solution, the behavior shown is in very good agreement with
that for the case of corrosion at 0. 3 ma/cm2.
VII. ELECTRON MICROSCOPY
The electron microscopy work has been concentrated on the study
of the interaction of the dislocation substructure and the corrosion pro-
'	 cesses. The prepared specimens containing dislocations were strips of
Al-7. 5 Zn-2. 4 Mg solutionized for 30 minutes at 480"C and quenched.
After aging the strips were rolled to 0. 006" foil, resolutionized and aged
for 24 hours at 130°C. After aging, the foils were then rolled to 0. 004 mills.
It is important, of course, that this final rolling operation be carried out
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after aging in order that the dislocations be gene-rated after pre eipitation.
In this way any special dislocation arrangements Such as planar arrays,
which might be associated with the effect of precipitation, could be
observed. The 0. 004" foil was then thinned electrochemically, a,-^ before.
The appearance of a foil after this treatment is s ►►own in Fig, 5(a).
This photograph shows clearly the development of planar arrays of disloca-
tions both in the body of one grain and also intersecting the grain boundary.
A 'giigher magnification photograph of the intersection of these arrays is
shown in Fig. 5(b). Note that the array is completely stopped by the
boundary and that there is no evidence of slip across the boundary, Hence,
the expected stress concentration effect of these arrays at the boundary
is high.
Figure 6 shows the same area as Fig. 5 after exposure to a solution
of 20 g/liter NaCl adjusted to a pH of 3. 7 by additions of HC1. The exposure
time was 2 hours. Particularly in the higher magnification photographs of
Fig. 6(b), there can be seen the development of a background of areas of
preferential attack and the formation of masses of corrosion products.
The planar arrangement of this material suggests that this attack is
associated with the dislocation arrays shown previously.
The change in the appearance of the grain boundary itself should
also be noted. In Fig. 55 (b) the individual precipitate particles along the
grain boundary can be seen , while in Fig. 6(b), only a homogeneous band
of corrosion product can be distinguished.
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►SECTION C
NONDESTRUCTIVE TESTING TECHNIQUES FOR THE
DETECTION OF SURFACE FLAWS
I. INTRODUCTION
The work reported here is concerned with detecting stress
corrosion cracking using ultrasonic Rayleigh surface waves. During
this quarter the work was performed on the aluminum alloy 7075 (T651).
Part II of this section deals with the development and detection
of SCC undervarious environmental conditions. The only change in
technique was to heat the buffered 1 M NaCl close to the boiling point
to remove any dissolved gases. Care was taken to insure that the
solution had returned to room temperature (22 - 24°C) before the SCC
tests were started. Only very small changes in pH were found to occur
with this treatment. No nitrogen was bubbled through the solution
during the tests in order to reduce the possibility of part of the corroding
surface being covered with bubbles. Tests were performed at 30%
of the 0.2% offset yield strength and also at a higher current density
(j = 1. 5 ma/ cm  ), The effect of a more acidic solution (pH = 2, 1) was
studied and the effect of solution trapped in the tip of the cracks on the
surface wave attenuation is also reported.
Part III considers some of the more practical aspects of SCC
detection such as the reproducibility of transducer bonding and the actual
ultrasonic techniques to apply to nondestructive testing.
Il. DETECTION OF SCC DAMAGE PRODUCED UNDER VARIOUS EN-
VIRONMENTAL CONDITIONS
A. SCC Tests at 307 of the Yield Strength
The SCC investigation described in previous quarterlies was per -
formed at stress levels of 907 and 607, of the 0.2 f yield strength. The
tests.described here were performed at a stress level of 307 of the yield
-19-
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strength or 22, 500 psi on U -bend specimens of 7075. This value
is approximately three times the threshold for SCC.
The results are shown in Fig. 7, This figure is the usual plot
of the ultrasonic attenuation per unit distance (db/ cm) vs. the amount
of corrosion (coul/cm 2). Figure 7 also shows, for comparison, results
for the 907 and 607 cases as well as the general galvanic corrosion
(GGC) results. The current density for these tests was 0. 53 ma/ cm2,
the same as used in earlier experiments.
The results for the 3070 case indicate a linear increase of
attenuation with increasing exposure in both the stressed and unstressed
testing states. As expected, the (attenuation-corrosion) slopes are
smaller than both the 907 and 607 cases, The ratio of slopes for
9070o
 607 and 3070
 in the stressed state are 2.9: l.. 6: 1 respectively,
For the unstressed 307 state the line is close to the GGC case which
is the threshold for detection attenuation caused by SCC. This means
that it would be difficult to differentiate ultrasonically between SCC
in the unstressed testing state and GGC in the tests where the stress
level during stress corrosion was smaller than 3070 of the yield strength,
unless a microscopic examination of the surface is performed which
would reveal the presence of microcracks in the SCC case and the
absence in the GGC case.
The x-axis intercept of the lines for the 30j case again in-
dicates an incubation period of about 0. 2 coul/ em 22 , which is the same
as has been ob,jerved in other cases. The results of the ultrasonic
and microscopic examinations for the 3070 case were very similar
to those for the 907 and 607o.
In order to express the threshold for ultrasonic detection of
cracking in terms of SCC life for the 307 case, time-to-failure data
would be necessary. However, results for the 607 case, reported
in the last quarterly, show that the threshold is of the order of 17
of the SCC life. This would indicate that the threshold for the 307 case
should be even lower and we could say that the SCC damage is
effectively detected (in terms of SCC life) right from the onset.
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B. SCC "Vests at a Current DansitX of 1, 5 ma
	
2
Most of the SCC investigations described in previous quarterlies
were performed at a current density of approximately 0, 5 ma/ cm 2 , The
tests described here were carried out at a current density of 1, 5 ma/ cm2
on U-bend specimens of 7075, The results of the SCC life tests, de-
scribed in the last quarterly, indicated that the time-to-failure decreases
with increasing current density.
The results of the investigation with j = 1, 5 ma/ cm2 at 907
and 60f of the yield strength are shown in Fig, 8. This figure is a
plot of the ultrasonic attenuation per unit distance (db/ cm) vs, the
amount of corrosion (coul/ cm2) and shows for comparison the results
of the 90 j, 6070
 and GGC cases performed at j = 0, 55 ma/ cm 2 . These
results indicate excellent agreement between tests performed at 0 55
and 1. 5 ma/ cm2 for both 9070
 and 6070
 cases when the ultrasonic
attenuation is plotted as a function of total charge. Naturally if the
ultrasonic attenuation is plotted as a function of exposure time the slopes
of lines corres ponding to j = 1. 5 ma/ cm2 are greater than those for
j 0, 55 ma/ cm2, as shown in Fig, 9, Note that in such a plot (damage
vs, exposure time) the origins of the family of lines (incubation periods)
do not coincide as they do in a damage vs. charge plot,
The results
 of the ultrasonic and microscopic examinations for 2
the j = 1. 5 ma/ cm case were very similar to those for the 0, 55 ma/ cm
case and are omitted here.
C. SCC Tests at pH = 2. 1
All SCC and GGC studies performed so far in phase 11 of the
program were carried out in a 1 molar solution of NaCl buffered to a
pH of 4. 7. In order to investigate the effect of SCC preformed with
different pH' s, tests were performed at a pH of 2. 1. These tests,
described in the following paragraphs, were mostly carried out at
a stress level of 607, of the yield strength.
The solution was prepared by adding HCl to 1 molar NaCl
until the desired pH was obtained. A pH of 2 corresponds to 0.01
normal HC1.
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The results of the investigation with pH = 2. 1 are shown in
Fig, 10. This figure isthestandard plot for the ultrasonic attenuation
per unit distance (db/ cm) vs, the amount of corrosion (coul/ cm 2) and
shows for comparison the results obtained with pH = 4.7. The data
indicate a linear increase in ultrasonic attenuation with charge. However,
the slopes of the lines for bcth the stressed and unstressed states are
greater than the corresponding slopes at a pH of 4.7 and the same stress
level but are still slightly smaller than the slopes of the 90J case at
the higher pH. The ratio of the slope of the pH of 2, 1 and 4.7 cases
is 1. 5:1.
Apparently the effect of decreasing the pH is to increase the
attenuation at an equivalent amount of galvanostatic charge
	 When
plotted in terms of the SCC lifetime, t he cases of pH 2. 1 and pH 4. 7
probably will coincide since Rayleigh wave NDT is really a measure
of the depth of the cracks and not the process producing them.
The results of the microscopic examination of the corroded
surfaces for a pH of 2, 1 were similar to these for the pH 4.7 case
and thus are not presented in detail here.
D. Effective Crack Depth
A change in the cleaning procedure of the U -bends after corrosion
seems to indicate that liquid trapped in the tip of the cracks can decrease
the effective attenuation. Originally the corroded U -bends were
cleaned by a simply rinse in distilled water followed by acetone. It
was observed that if the sample was ultrasonically agitated while
being rinsed in water and then acetone, the Rayleigh wave attenuation
was found to be slightly higher.
Table III shows the increase in attenuation when ultrasonic
agitation is used for cleaning U-bends corroded under various conditions.
The samples were still under stress when the measurements were
made.
To rule out the possibility that the increase in attenuation was
caused by continued C:.,orrosion of the U-bend which was still under
- 25 -
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Increase in the Amplitude of the Reference Echo
after Cleaning Using Ultrasonic Agitation
Stress Level Current Density	 Charge pH Increase of Echo
% yield strength ma/ cm2 coul/ cm2 db
30 0.53 0.50 4.7 1.5
30 0.53 0.80 4.7 2
30 0.53 1.00 4.7 2
60 1.50 0.50 4.7 2.5
60 1.50 1.00 4.7 4
60 0.53 0.35 2.1 2
60 0.53 0.50 2.1 3
60 0.53 0.70 2.1 3
90 1.50 0.54 4.7 4
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stress by trapped solution, the U-bend was immersed in the original
solution and the original cleaning procedure was repeated. Excellent
agreement with the first data (no ultrasonic agitation) was obtained.
This is uemons Crated in Fig. 11 which is a series of oscillogramas
obtained at different stages of the experiment. Part (a) is the refr,rence
F
oscillogram, part (b) corresponds to initial removal from the corrosive
bath and cleaning, and part (c) is the oscillogram obtained after the
U-bend specimen has been ultrasonically cleaned. Parts (d) and (e)
correspond to oscillograms obtained after the reimmersi,on. Part (d)
was taken irximediately after removal and simple cleaning and part
(e), after ultrasonic cleaning. Finally, part (f) was taken when the
stress was released (unstressed state). It is seen that oscillogram.
(b) and (d), and (c) and (e) are identical, which implies that when the
solution re-enters the tip of the cracks, it reduces the attenuation by
exactly the same amount as whenthe sample was initially removed from
the corrosive bath.
The following explanation is proposed; When the U-bend specimens
were initially cleaned (not ultrasonically), the solution trapped in the
tips of the cracks acts as a coupling medium between the two sides of
the crack thus allowing more energy to be transferred across the sides
of the cracks. In other words, the effective depth of the crack is
decreased. When the specimen is cleaned by ultrasonic agitation, the
solution at the tip is replaced by acetone which may easily evaporate.
The data for the stressed state reported in this quarterly are
averages of the two oscillograms obtained before and after ultrasonic
cleaning was performed. The foregoing illustrate that some care
should be taken in SCC tests with regard to the cleaning of SCC specimens.
The higher attenuation does not materially affect previously reported
results. The primary result will be to increase the slope of the
attenuation vs. SCC damage by approximately 15%.
It has been observed that U-bends left under stress fail after
hours or a few days following removal from the corrosion bath. This
can probably be understood in terms of the solution which is apparently
trapped in the tip of the cracks.
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(f)
Fig. 11 Oscillograms illustrating the effect of cleaning using ultrasonic 	 2
agitation for 707.5 at 307c of the yield strength and j = 0. 53 ma/ cm
after 1. 0 coulombs/ cm ^ charge.
(a) reference oscillogram(b) after initial removal from corrosive bath and plain cleaning(c) after ultrasonic cleaning(d) after re-immersion removal, and plain cleaning
(e) after second ultrasonic cleaning(f) unstressed state
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III. INSTRUMENTAL DESIGN FOR SCC DETECTION
A. SCC Detection Considerations
In the Following, some practical considerations that arise
when cons idering making measurements on fabricated parts are dis -
cussed. These include the actual technique and the geometrical
arrangement and positioning of the transducers.
1. Measurement Methods
There are basically two ways in which SCC can be
detected using ultrasonic Rayleigh waves: Either (1) the reflection
from the cracks may be observed or (2) the reduction of energy in the
main ultrasonic beam may be determined after passing over the
corroded area.
When a Rayleigh wave propagates, most of the energy is con-
fined to within one wavelength of the free surface. Any discontinuity
or acoustic impedance mismatch in this volume will result in the
reflection or refraction of some portion of the mechanical energy
associated with the plane wave. Practically the simplest way , to
observe discontinuities is to look for scattered energy. Depending
upon the type of defect and its geometrical shape and composition,
a characteristic pattern of reflections will occur which should enable
the artifact to be identified. For example, we have found that SCC
in Al will produce cracks whose reflection coefficient varies as that
shown in Fig. 12. Other types of defects such as artifical grooves
and holes have been discussed in earlier reports.
i
	
	 The second method of detection depends on measuring the
change in amplitude of plane waves after passing over the irregular
M	 region. (It is also possible to examine changes in phase or, equivalently,
in delay time of the wave, but experimentally this is more difficult. )
A fairly large change must occur in order to be easily detectable.
For example, the variability of coupling and of orienting transducers
can introduce errors the order of 1 to 2 db (50% variation in power)
-30 -
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Fig, 12 Ultrasonic reflection coefficient as a function of angle
from normal incidence to the direction of SCC for four
different U-bends. The data for each U-bend has been
normalized to unity for zero degrees.
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1
,with our present experimental techniques. A variation on this technique
is to reflect the Rayleigh wave back to the transmitting transducer
which is then used as a receiver. Only one transducer need be attached
and the surface wave now makes two passes through the SCC region.
The major drawback is that now either the reflector must be bonded
to the surface or a permenant groove or ridge must be used as the
reflector.
The technique with the best reproduciability and, hence
highest sensitivity, is that in which a permenant reflector is on the
far side of the material under study and a reference groove is nearby.
The acoustic properties of the intermediate region can be determined
by looking at the relative change of amplitude of the signal from the
two reference reflectors. This method is independent of the transducer
coupling loss and is essentially the technique that has been used for
our U -bend measurements.
2. Number of Transducer Attachments
One consideration in a practical situation is the number
of times a transducer must be coupled to and decoupled from the surface
of the part under test. The larger the number of attachments 'the more
time consuming and the more subject to error the test becomes. For
the sake of discussion we will consider a rectangular plate of
dimensions Di by D2, and we assume that the stress corrosion cracks
are to be detected by technique (1) as discussed in the foregoing,
In the simplest case if the transducer or search unit is W
units wide then D i/ W steps would be necessary to completely check
the plate (Fig. 13a), If a separate reflector were to be used, then
up to 2 D i/ W attachments would be needed. To check the plate com -
pletely in both directions, (D i
 + D2)/ W attachments would be needed,
Another more complicated case is if we desire to determine
the anisotropy of the reflection coefficient for diagnostic purposes,
i, e, for distinguishing SCC from other surface defects. Then, we
might use three transducers as shown in Fig. 13b. The areas common
to all the transducers, A , is shaded and is given by
- 32 -
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Fig, 13a Rectangular plate D 1
 by D2 units to be used for model
for SCG detection,
W
Fig. 13b Arrangement of three transducers to determine the
anisotropy of the reflection coefficient for the identification
of SCC.
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The number of separate attachments to cover the whole surface
would be 3 D 1 D2/ A. For a more detailed look at the surface we must
pay for it with many more steps in the procedure,
In practical situations the method that uses the fewest steps
and still gives the required information about the SCC condition of
the surface will be favored. At this time a definite choice of
technique is not possible,
3. Angular  De endence o f Reflection
Another consideration is the angular dependence of
the reflection coefficient, For example, if the defect behaved
purely as a specular reflector then the reflectivity, R, would
vary as
R = (1	 B
W	
tan 2 a
	
W
)	 for	 B	 tan 2 a < I,
R	 O	 for B	 tan 2 a> 1
W
where B is the distance to the defect and a is the angle of incidence.
If the reflection were more nearly diffuse, then the reflectivity of
a crack which is long compared with W would be independent of a.
Experimentally, the have found the behavior to be somewhere in-
between. Figure 12 shows a plot on a linear scale of the relative
reflection coefficient as a function of angle for four different
U-bends. The plot has been normalized to one for each U-bend
at normal incidence. We note that the reflectivity appears peaked
in the forward direction and flattens out and looks approximately
diffused beyond 3 0 .
Some additional work to define more accurately the anisotropy
of SCC, such as measurements at higher and lower frequencies
and on rougher surfaces, is needed.
- 34 -
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4. Trobability of Crack Detection
In some cases it might only be possible to examine
a Traction of the surface, We then want to know what Is the pro-
bability of detecting a crack. Let us assume as a model that the
SCC has 
an 
effective or average length L and Is located on a
rectangular plate, The cracks are oriented with 
an 
angle p with
respect to 
an 
Incident Rayleigh wave from one transducer. The
testing Is to be done by affixing the transducer of width W at a
position near one side and checking for a reflection from any
crack across the plate. The transducer will then be moved a
distance K down the plate and the test will be repeated (Fig. 14),
We assume that if the crack is anywhere within the search beam,
it will be detected, The reflection is diffuse so that the acoustic
wave will be scattered in all directions.
The probability of detecting the crack, P 1 , will be
P 1 = (W + L cos	 K for L cos p < K - W
P 1 =
I for L cos > K - W
If we now scan along the other edge, the probabilit y of detecting
the defect, PT will be
P2 = (W + L s 
I 
ti p) / K
	
for L sin p<K -W
P2 
= I
	
for L s in p > K - W
The total probability of detecting the crack, PT will be
4
PT =* I -CI- (W + L sin P ) / K] [ 1 - (W + L cos 0 ) / K)
for L cos pand L sin p<K - W
PT = I for either L cos p or L sin 0 > K - W
- 35 -
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Fig. 14 Model of a rectangular plate to determine the optimum
angle to search for cracks. The crack is L units Iongg
and the transducer of width W is moved a distance of K
along an edge for successive measurements.
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From this expression we note that fors short cracks, 1,
(K - W) / 2, the maximum value of PT occurs at 0 = 45'; i. G.
tllc best angle to search for short cracks would be at + 45' and
- 45" with .il*c>spect to the probable crack orientation.
In the case of "long" cracks, L> (K - WY the optimum
procedure is to look at normal followed l,,y pare llel incidence to
r	 the possible cracks.
The intermediate case is slightly more complicated with
the condition that
sin 2 p — ( K -W )2-1
I.,
when K - W > L > IX - W) / -2 ^ for a maximum value of PT.
Let us examine PT for several different values of W, I.,,
and K. If we assume: that W/ K = 0. 5 and L/ W = 0. 1 (i. e. the
transducer is moved twice its width each step and the cracks are
only one tenth as long as the width of the transducer-), the results
in 'Fable IVa are obtained. This table is the output of a computer program
designed to calcu'iate PT . The probability is only weakly dependent
on angle, but it has a maximum at 45 0 . In all cases PT is symmetrical
about the 45" angle.
In the case that relatively long cracks are present (L/ W = 1
and W/K = 0. 5), the maximum PT now occurs at 0 0 (Table IVb).
An intermediate case occurs when W/ K = 0. 3 and ice/ W = 2. Here
the maximum probability occurs at 10. 6 0(Table IVc).
In all cases, PT is only weakly dependent on angle. As
noted in section III A -3, Rayleigh wave reflections exhibit an
angular, dependence which is peaked in the forward direction. This
anisotropy should be enough to outweigh the angular dependence of
PT and to make the normal incidence direction,
	 0, favored for
NDT purposes.	 j
B. Ultrasonic Transmission and Transducer Bonding
All previous surfaceattenuation measurements made ;luring
w
k
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TABLE IVa
PR05A R ILAT TY OF OBSERVING A CRACK
ANOLT	 Ul G) PROBABILITY
^ • }'3 .775 0
5. 0 .7769
10.0
.779.5
15.0 .71300
20.01
.7'?.12
25.01
.7323
301.0
.71731
3` .0
.71?36
42.0
. 7 ^40,
45.0
.71741
THE ANGLE FOR
	 'SAX I	 UM PROBABILITY	 IS	 45.0010 DEGREES
W/K:	 .500	 L/K_ .050	 (K-W)/L=
	 10.000
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TABLE IVb
PROBABILITY Of OBSERVING A CRACK
ANGLE(DEG) PROBABILITY
0.0 1.0000
5.0
.9991
lk'.0
.9969
15.0
.9937
20 0 0
.9901
25 . 0 .aQ65
30.0
.9133
35.0
.9807
40,0
.9791
45.0
.9736
THE ANGLE FOR MAXIMUM PROBABILITY
	 IS	 0.0010 DEGREES
W/K=	 .500
	 L/K= .500
	 (K-W)/L=
	 1.000
i
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TABLE IV c
PROBABILITY OF OBSERVING A CRACK
ANGLE(DEG)
	 PROBABILITY
	0.0	 .9300
	
5,0	 0933.9
	100 0	 .9350
	
15.0	 .9344
	
20 0 0	 04326
	25.0	 .9303
	
30 0 0	 .427.9
	
35.0	
.9253
	
40.0	 „9244
	45.0	 09240
THE ANGLE FOR MAXIMUM PROBABILITY IS 10.514 DEGREES
W/K- .300	 L /K= .600	 (K-W)/^,:	 1, 15, 7
F
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this contract have used the same transducer for transmitthio, and
receiving.	 A reflecting groove was used to return the acoustic wave
to the transducer. One adyantage of this mothod is that the wave
transverses the corroded region twice which makes small attenuations
easier to defect. Some preliminary measurements have been made
where two separate transducers were used.
A number of different U -bends were examined in the un -
stressed, well relaxed state by bonding one transducer on one leg
and the other on the opposite side. Rubber cement was used as the
coupling media. A jig was available to hold only one transducer;
thus, the second was held in position only by the bonding material.
The measurements were easily reproducible to within + 1 db. The
transducers were oriented to obtain maximLIM transmission.
One difficulty was that the surface wave probes are resonant
at different frequencies—one for 4 MHz, where the wavelength is
0.7 mm in A 1, and the other for 2.25 MHz, where X = 1,25 mm.
There is enough overlap of the passbands, however, to work.
Results in approximate agreement with previous measurements
were found by comparing BCC samples to uncorroded U-bends.
Because the samples were unstressed and the ultrasonic wave made
only one pass through the SCC region, the increase in attenuation
was relatively small. This and, in addition, the + 1 db variation
in coupling reproducibility makes quacititative comparisons impossible.
As soon as additional transducers become available, more
detailed measurements will be made, especially on stressed samples
where the attenuation is high enough to make detailed comparisons
relatively easy.
IV. SUMMARY
A summary of our principal observations is given below:
(1) We have investigated the detection of SCC produced under
various environmental conditions:The ultrasonic attenuation of 7075
(T651) U-bend samples stressed at 30% of the 0. 2% offset yield strength
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is less than that of samples stressed at 60T and 90% with the
equivalent amount oi' corrosion. Indeed, in the unstressed st p te it
is difficult to differentiate ultrasonically between the 3(O SCC and
GGC samples,!
The ultrasonic properties of samples corroded at 1. 5 ma/ cm 2
'	 and 0. 55 ma/ cm2 are in very good agreement when plotted as a
function of total charge.
At a pH of 2. 1, the slope of the increase in attenuation ex-
pressed in db/cm, with increasing corrosion is approximately
50 70
 larger then the case of a pH of 4.7.
Water trapped in corrosion cracks causes an apparent
decrease in the depth as indicated by surface waves by acting as
a coupling medium between the two sides of the crack, This de-
creases detectability of the cracks. Careful cleaning can remove
this water. V
(2) Instrumental design parameters have been explored
experimentally and theoretically: 'rhe probability of detecting a
crack when only a fraction of the surface is examined has been
considered for various conditions. Problem 's associated with the
relative length of the crack compared with the width of the ultrasonic
beam; and the angle between the crack and beam, have been
carried out and a technique for an optimal examination of the surface
is proposed.
Experimentally, it has been found that single pass rrteasure-
ments of ultrasonic Rayleigh wave attenuation are in approximate
agreement with reflected wave measurements made earlier. Also,
a transducer can he coupled to the surface with a reproducibility
of approximately 1 db (+ 1/ 2 db).
0
is
tl
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SECTION D
.
WORK IN NEXT QUARTER
(See Program Planning Chart)
Reference is made to the enclosed program planning chart
and to the more detailed description of this chart in our monthly
report dated July 15, 1968.
Phase I, the mechanism study, is being implemented by
means of subprojects (1) through (4). During this period, projects
(1), (2) and (4) have been initiated and are up-to-date; howe^ er, due
to the extended nature of some tests in (2), subproject (3) has been
delayed. During the next quarter it is expected that project (2)
will be completed and that inuch of the work on project (1) will be
finished. The main emphasis in project (1)will be on 1 (c), i, e.
on the temperature dependence of the rate of true stress corrosion.
Subproject (3) will be started and it is thought that both 3(a) and
3(b) (pure A 1 and A 1-Cu) can be completed by the end of the next
quarter.
Phase 11, to detect stress corrosion damage by instrumental
methods, is being implemented by subprojects (5) through (7). All
work is up-to-date and is expected to remain so in the next quarter.
It is expected to complete the survey of the delectability of stress
corrosion damage caused under different environmental conditions,
subproject(5). The main emphasis will be on subproject (7),
i. e. studies to help specify instrumental design parameters and
investigation techniques for field work.
1
t
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PROGRAM PLANNING CHART
Phase I, Mechanism Study
Quarter
Subproject	 1st	 2nd	 3rd	 4th
(1) Effects of environment on anode and rate of cracking of A1-Zn-Mg-(Cu)
and Al -Cti
I
f
2
(la)( ,lb)
(1c)
(ld)
Mechanism of the corrosion sensitivity of 7075
3
(2a)
(2b)
(2c)
(2d)
Oxide brittleness studies on Al al and current transients during crackin
(3a)
(gib)
(3c)
(3d)
4) Metallogra and electronmicros
(4a)
(4b)
Phase II, Nondestructive Testing
(5) Detectability of stress corrosion on damage caused under various environ-
ment conditions
(5a) :-----,1
(5b)
(5c)
(5d)
(6) Detectability of precorrosion damage on 7075
(7) Instrumental design parameter s
(7a)
(7b)
(7c)
(7d)
^ * «	
^ 
^r
'N WiF ^^,
 
ry^`' ^►^.r
 '	
w. .
	
:,^	
-moo«--
. cre-„rter
r
^:	 _	 .....,.... _
	
.. _.. s_.,:	 ,	 yt	 Seri. , --
	 - --	
..t.^,._^-,'• ^.
	
^*,.6
	
6s.,
r(1) Effects of environment on Mode and rate of cracking of
Al	 (Cu) and Al-Cu
(a) Precorrosion and true stress corrosion times for
7075-T651. as a function of corrosion environment (e.g. as functions
of current density and solution composition).
(b) Precorrosion and true stress corrosion times for
7075-T651, as a function of anion (e.g. SOS vs. Cl-),
(c) Temperature dependence of the rate of true stress
corrosion in 2219, 7075, pure Al-Cu and A1-Zn-Mg.
(d) Effects of load on temperature dependence of true
stress corrosion period,
(2) Mechanism of the pre-corrosion sensitivity of 7075
(a) Load interruption experiments during period of
true SCC on 7075-T651.
(b) Multiple interrupted precorrosion tests on
7075-T651, including specimen removal from solution after pre-
corrosion and before retesting under load,
(c) Effect of buffer concentration on precorrosion
and true stress corrosion period.
(d) Effect of surface condition on precorrosion and
period of true stress corrosion of 7075-T651. Experiments to
ensure that only oxide present on surface is room -temperature air-
formed, This is to be achieved either by etching and thinning oxide
or by extrapolation from results with thicker anodically formed
oxides.
(3) Oxide brittleness studies on Al alloys and current
transients during cracking
(a) Pure Al.
(b) Al-Cu:Al-4Cu, solutionized, susceptible, over-
aged; 2219, -T37, -T351.
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(c) A1-Zn-Mg-(Cu); Pure alloy with and without
Cu, solutionized, susceptible, overaged; 7075, 'T'651, -'T'73.
(d) Current transients during cracking, 7075-T6,
2219 -'T37 and pure alloys.
(4) Metall2araphy and electronmicr©sc Ry^.
(a) Complete mode of corrosion attack studies on
AI-4 Cu and At-7.5  Zn-2, 4 Mg and A l-Zn ,}Mg-(Cu),
(b) General characterization of crack properties
pertaining to tasks (1), (2) and (3),
(5) Detectability of stress corrosion damage caused under
various environment conditions
(a) Perform SCC tests at different pH' s (2 and 8) on
7075.
(b) Perform SCC tests at different current densities
on 7075.
(c) Perform SCC tests at lower stress levels tha ►i
provious ly used.
(d) Corrode and test samples on 7075 and 2219 in
a salt-dichromate solution (17, NaCl - 270
 K2CCr 2OT
 pH = 4 at 60°C)
to compare with the galvanoscatic method currently used,
(6) Detectability of precorros ion damage on 7075
(7) Instrumental design parameters
(a) Effect of frequency on delectability of SCC.
(b) Effect of angle of measurement on SCC detection.
(c) Studies of rapid and reproducible coupling of
transducers and reflectors to surfaces.
(c) Configuration optimization for components.
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TOTAL MAN-HOURS EXPENDED
F
f
May 1 - August 31, 1968 3,343
